Purpose: We here evaluated (1) the differential characteristics of status epilepticus (SE) in older (60 years) compared to younger adults (18-59 years). In particular, we were interested in (2) the proportion and characteristics of new onset SE in patients with no history of epilepsy (NOSE) in older compared to younger adults, and (3) predictive parameters for clinical outcome in older subjects with NOSE. Methods: We performed a monocentric retrospective analysis of all adult patients (18 years) admitted with SE to our tertiary care centre over a period of 10 years (2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015) to evaluate clinical characteristics and short-time outcome at discharge. Results: One-hundred-thirty-five patients with SE were included in the study. Mean age at onset was 64 years (range 21-90), eighty-seven of the patients (64%) were older than 60 years. In 76 patients (56%), SE occurred as NOSE, sixty-seven percent of them were aged 60 years. There was no age-dependent predominance for NOSE. NOSE was not a relevant outcome predictor, especially regarding age-related subgroups. Older patients with NOSE had less frequently general tonic clonic SE (GTCSE; p = 0.001) and were more often female (p = 0.01). Regarding outcome parameters and risk factors in older patients with NOSE, unfavourable outcome was associated with infections during in-hospital treatment (0.04), extended stay in ICU (p = 0.001), and generally in hospital (p < 0.001). Conclusion: In our cohort, older patients represented the predominant subgroup in patients with SE. Older patients suffered more often from non-convulsive semiology and had a less favourable short-time outcome. NOSE was not a predictive outcome parameter in older patients. Data suggest that avoiding infections should have a priority because higher infection rates were associated with unfavourable outcome.
Introduction
Status epilepticus (SE) is a frequent and severe neurological emergency condition [1, 2] with high mortality and morbidity. Mortality has been described in up to 20%, morbidity in up to 39% of cases [3] .
Regarding prevalence and incidence of SE, there is a first peak in early childhood and a second peak in older subjects, which is often defined as 60 years [4, 5] . The mean annual incidence rate is estimated to approximate 15.5/100,000 in patients between 60 and 69 years old, 21.5/100,000 in patients between 70 and 79 years old, and 24.9/100,000 in patients more than 80 years old [6] [7] [8] .
In adults with SE, withdrawal of antiepileptic drugs (AED) or an acute symptomatic etiology, i.e. mainly acute stroke, were reported as the predominant causes [5, 9] . In half of first episodes of SE, patients do not have any history of prior seizures or known epilepsy [8] . These patients are at high risk for developing newonset refractory status epilepticus (in up to 50% of the cases), resulting in a poor outcome [10] .
To date only few studies exist, which focused on new onset SE (NOSE) in older patients. Of note, in this context "older" is not defined unequivocally. According to epidemiological data from Hesdorffer and colleagues [7] , we here employ a cut-off of 60 years for "older" patients.
We aimed at evaluating (1) characteristic differences of SE in older (60 years) compared to younger patients (18-59 years), (2) the proportion and characteristics of NOSE in older compared to younger patients, and (3) predictive parameters for clinical outcome in older people with SE, especially with NOSE.
Methods

Patient cohort
We included all adult patients (18 years) admitted with SE to the Department of Neurology, University Hospital Cologne, an academic tertiary care centre, over a period of 10 years (2006-2015) . If patients had multiple episodes of SE in the observational period, only the first episode was included for data analysis. Patients were identified using the electronic database of the University Hospital Cologne with documented ICD-10 diagnoses of SE (G41.X), diagnosed both as primary or secondary diagnosis.
Patients were assigned to either the younger or older subgroups, with "older" being defined as 60 years, and "younger" being defined as aged between 18 and 59 years.
SE was defined according to previous recommendations [11, 12 ] as a prolonged seizure lasting i) more than five minutes for generalized tonic-clonic seizures, and ii) more than 10 min for all other seizures, or iii) as a series of at least two seizures without regaining inbetween the previously known state of consciousness.
Diagnosis of SE was made clinically if an epileptic semiology was unambiguously present. In case of unspecific signs and symptoms, clinical and ictal EEG features were required as proposed earlier [13] .
Termination of SE was assumed if seizure activity stopped clinically in alert patients or if the EEG was free of any evidence of ictal activity in intubated patients or those with persistent altered state of consciousness.
Semiology of SE was classified as generalized tonic clonic SE (GTCSE), if bilateral convulsions were observed. Non-convulsive SE was classified as complex partial SE, if a corresponding semiology was present, and as non-convulsive with coma, if severe loss of consciousness was the prominent symptom without evidence of generalized convulsions at the beginning with EEG features suggestive for constant ictal activity. Simple partial SE was assumed if no disturbance of consciousness was present.
Aetiology was classified according to the corresponding ILAEdefinition: [14] acute symptomatic, remote symptomatic, progressive symptomatic and cryptogenic. Patients with SE and known idiopathic or cryptogenic epilepsy without evidence for an acute seizure provocation were grouped as remote symptomatic. Patients without history of epilepsy in whom no cause for SE could be found despite extensive diagnostics, were determined cryptogenic.
We excluded patients with posthypoxic myoclonic encephalopathy and antibody-associated encephalitis because of different pathogenic mechanisms involved. We further excluded, as stated above, any patient with a severe but unspecific EEG pattern, without clear epileptic semiology, and without improvement under therapy (because of uncertainty of the underlying condition). Patients from other clinics were only included if transferred immediately after onset of SE because of relevant data loss regarding treatment, semiology, and initial diagnostics, as well a referral bias with a more protracted disease course could be assumed.
Adequate treatment regimens and sequences were adopted from current guidelines [3, 15, 16] . Of note, in Germany, prehospital patient care is provided by emergency doctors, so prehospital treatment decisions were at their discretion. As a consequence and due to the retrospective non-invasive design of our study, the below mentioned treatment scheme could not be adhered to all patients. Our in-house treatment protocol implemented a staged approach. Proposed drugs in step-wise order were benzodiazepines, followed by AED and by anesthetics. According to current guidelines and expert recommendations, treatment with benzodiazepines was assumed adequate if given intravenously in doses at the following minimum: midazolam 10 mg for >40 kg, Clonazepam 1 mg, Diazepam We further assessed the duration of the SE using <1 h, 1h-24 h, and 24 h as cut-offs.
SE was supposed to be refractory if adequate first-and secondline therapy regimens failed.
Favourable outcome was present if modified ranking scale (mRS) at discharge did not deteriorate compared to preclinical status, or if mRS was 2 at discharge. Fatal outcome was defined as in-hospital mortality or in case of discharge under strictly palliative supportive care with expected short-time mortality.
Similar to Rossetti and co-workers [17] , we assessed the following comorbidities as potential independent predictors for clinical outcome in SE: acute large vessel ischemic stroke, acute cerebral hemorrhage, acute central nervous system infection, malignant brain tumors, AIDS with CNS complications, chronic or acute renal insufficiency requiring dialysis, systemic vasculitis, metabolic disturbances or acute intoxication, sufficient to cause coma in absence of SE, eclampsia, and intracranial tumor surgery. In addition, we evaluated dementia in older patients as a potential risk factor for SE or NOSE. Infections as relevant complications were also collected as possible independent outcome variables in SE.
There are two proposed scores for poor outcome prediction in SE, defined as in-hospital death: the Epidemiology-Based Mortality Score in Status Epilepticus (EMSE), and the Status Epilepticus Severity Score (STESS) [17] [18] [19] .
In STESS, four parameters have to be calculated (level of consciousness, worst seizure semiology, age at onset, history of seizures). Sum scores 3 (STESS-3) or 4 (STESS-4) were shown to predict in-hospital death [20] . The EMSE uses etiology, comorbidity, age, and EEG as predictive parameters (EMSE-EACE). Cut-off for short-time mortality was shown to be 64 points [18] . This is a retrospective study not involving primary research but only routine diagnostics, all patients are reported anonymously. Therefore specific ethics committee approval was waived.
Statistics
Statistical analyses were performed using SPSS 23.0 for Windows (IBM, Armonk, New York, USA). For comparisons of categorical independent data, chi-square test or Fisher's exact (if less than 5 items) were performed; for comparisons of independent metrical data, the t-test for unpaired variables was performed. Binary logistic regression was utilized in order to evaluate independent covariates for outcome of NOSE in older patient comparisons; categorical explanatory variables were therefore transformed into dummy variables. For STESS-3/STESS-4 and EMSE-AECE scores, we calculated sensitivities and specificities as well as positive and negative predictive values. All tests were performed two-tailed. P-values <0.05 were estimated as significant.
Results
We reviewed a total of 315 patient files with ICD-10 diagnosis of SE. Diagnosis of SE according to predefined study criteria could be confirmed in 181 cases. Thirty-one of these had been referred subacutely from other institutions and were therefore excluded from further analysis. From the remaining 150 cases of SE, eight patients had multiple episodes (range: 2-6 episodes). Thus, onehundred-thirty-five patients were included finally in the study. The selection process is depicted in detail in Supplementary Fig. S1 , inclusion rates per year are given in Supplementary Table S1 .
In the overall group of SE, mean age at onset was 64 years (range 21-90), eighty-seven out of the 135 patients were older than 60 years (64%). In 76 patients (56%), SE occurred as NOSE. Most of them were of acute symptomatic etiology, details are given in Table 1 Several differences between older and younger patients with SE were observed. Older patients had less frequently a favourable outcome compared to younger patients (45% vs 71%, p = 0.004) and, vice versa, more frequently outcome was fatal in older patients (18% vs. 2% in younger patients, p = 0.006). In older patients, semiology of SE differed from younger patients (p = 0.002): SE manifested less frequently as GTCSE compared to younger adults (33% vs. 63%, p = 0.001), on the other side, non-convulsive SE with coma exclusively occurred in older patients (10.3% vs 0%, p = 0.02). Females were predominant in the older patient group (64% vs. 42%, p = 0.01). Therapeutic regimes did not differ between the two groups. For further details of demographic and clinical characteristics in all SE, see Table 2 .
Regarding outcome scores for short-time mortality, sensitivity of STESS-3/STESS-4 was 77%/47%, whereas specificity was 37%/74%. Positive predictive values (PPV) for STESS-3/STESS-4 were 15%/21% and negative predictive values (NPV) were 92% and 91%, respectively. For EMSE-AECE, sensitivity/specificity values for cut-off value 64 were 64.7%/51.7%, PPV/NPV were 16%/91%. NOSE occurred in 56% of all patients with median age at onset of 72 years (range 23-90) without difference regarding age-related subgroups (59% of older vs. 52% of younger patients, p = 0.48). Most NOSE were of acute symptomatic origin (52%), followed in decreasing manner by remote symptomatic origin (24%), progressive etiology (7%), and cryptogenic etiology (17%). Regarding the proportion of dementia in older patients, we did not find different prevalences in those with known epilepsy and NOSE: nine out of 51 patients with NOSE (18%) had dementia, whereas 7/26 in SE with known epilepsy (27%) had, but this was without significance in group comparison (p = 0.34). For details in etiology of SE in the whole group and of NOSE see Table 1 .
When comparing older and younger patients with NOSE, again, older patients were more often females (69% vs. 36%, p = 0.01) and had different semiology (p = 0.004): GTCSE was less frequent (27% vs. 68%, p = 0.001), whereas differences in non-convulsive SE with coma were no longer significant (12% vs. 0%, p = 0.07). Regarding treatment, no differences were observed. Short-time outcome in patients with NOSE was not different for the age related subgroups: a favourable outcome was seen in 39% of the older and 60% of the younger patients (p = 0.14), a fatal outcome was seen in 18% and 5%, respectively (p = 0.15). For further clinical details of NOSE in older and younger patients, see Table 3 .
When evaluating outcome parameters and risk factors for older patients with NOSE, infections in the course of the disease were associated with an unfavourable outcome (68%, p = 0.04). Further, an extended stay in ICU and an extended stay in hospital were associated with non-favourable outcome (p = 0.005 for ICU, p = 0.001 for general stay). All other parameters did not differ between the two subgroups. In logistic regression analysis, none of the covariates (mean duration of stay on ICU and in hospital, infections) were independently associated with clinical outcome. Table 1 Etiology of SE in all patients and of NOSE in older and younger patients. Details for outcome comparison of older patients with NOSE are given in Table 4 .
Discussion
We here present a large cohort of patients with SE from a tertiary University centre, wherein the majority of patients were 60 years at onset. Older patients with SE had less frequently a favourable outcome than younger patients with SE. NOSE occurred in 56% of all patients with SE without age-related predominance, but 67% of the patients with NOSE were aged 60 years. Older patients with NOSE had a comparable outcome to younger patients with NOSE. Infections during treatment and prolonged stay on the ICU and in hospital were risk factors for an unfavourable outcome in older patients with NOSE.
Characteristic differences between older and younger patients with SE
Older patients with SE had less frequently GTCSE and more often non-convulsive SE with coma. Furthermore, older patients had less frequently a favourable outcome and more often showed a fatal outcome. These findings are in accordance to previous results. A comparably low proportion of GTCSE in older patients was shown in a geriatric patient cohort of 63 patients aged more than 70 years, in which only 17% of patients had GTCSE [21] .
Regarding inhospital mortality in the overall group of SE, our mortality rates were supported by two very recent German multicenter [22] and population-based studies [23] on status epilepticus. They provided a mean mortality ratio of 14-15% and increases with a refractory cause of SE. The short-time mortality of 18% in our subgroup of older patients was surprisingly low compared to previous reports, which identified an age 60 years as a relevant outcome predictor [24] . In early epidemiological studies, mortality increased with age up to 38% in older patients (>60 years) [25] . In a very recent study from the University of Salzburg, Austria, authors reported a cohort of 120 patients acutely admitted with SE and performed a group-wise comparison for older (60 years) and younger patients (<60 years). Authors reported a proportion of 31% of older patients with in-hospital death, which was significantly higher than in our older subgroup [26] . Authors used comparable inclusion criteria for SE and the reporting institution is situated in an environment that is comparable to ours with respect to ethnicities, health system facilities, and diagnostic and therapeutic work-up. Indeed, epidemiological and clinical data of our study matched, at least to a considerable extent, that reported by the Salzburg group: the majority of patients with SE were older than 60 years (Cologne 64% vs. Salzburg 70%), GTCSE was the common seizure type in the overall patient cohort (44% vs. 53%) and female gender was predominant (56% vs. 60%). Likewise, treatment protocols used the same step-wise approach based upon current guidelines and expert recommendations. Furthermore, adherence to these regimens was similar (70% vs. 67%).
Differences in short-time mortality rates between our cohort and the Salzburg cohort may derive rather from procedural than clinical differences. For instance, short-time mortality could be influenced by different local discharge policies. In our cohort, fiftyfive percent of the surviving older patients were not discharged directly at home: thirty-three percent were discharged to other acute clinics, sixteen percent to rehabilitation clinics and 6% were newly transferred to a nursing home. Our discharge policy reflects the usual practice of a tertiary University clinic in an area of high population density in Germany with supply of subordinated clinics, but discharge policies could differ in other regions with different surroundings. Therefore, we cannot exclude underreporting of the subsequent clinics and hence higher fatal outcome than that reported here. There are two outcome scores to assess short-time outcome in SE: the STESS-Score [17, 27] and the EMSE-Score [18] , which both assess in-hospital mortality. In our cohort, a positive predictive value (PPV; i.e., a high value indicates a poor outcome) of STESS-3 respectively STESS-4 was low with 15% and 21% for all patients with SE, whereas a negative predictive value (NPV, i.e., a low value indicates good outcome) was high compared to former work (92% for STESS-3 and 91% for STESS-4). Sensitivity of STESS-3/STESS-4 in our cohort was 77%/47%, whereas specificity ranged 37%/74%. In the initial publications of STESS, PPV leveled at 25-39% and NPV at 96-100% [17, 27] . In an external evaluation, STESS-score 3 points (STESS-3) attained a PPV of only 48.7%, after adjusting the cut-offlevel to 4 (STESS-4), PPV improved to 73.1% [20] .
In our population, EMSE-AECE at 64 points had a low PPV of 16% and high NPV of 91%. In the original publication of the EMSE-AECEScore [18] , the lowest score of non-survivors was 64 points with a NPV of 100% and a PPV of 68.8%. Recently, a group from Buenos Aires performed an external evaluation of both scores. They showed in 46 patients with SE, a sensitivity and specificity of STESS-3 of 61.5% and 75.7%, respectively, and for STESS-4 a sensitivity of 96.9% and a specificity of 53.8%. Comparable to our results, EMSE-EACE with a cutoff value of 64 points had a low sensitivity of 24.2% and a high specificity of 92.3% [28] . In a current study from Madzar and co-workers from the University of Erlangen, Germany [29] , STESS-3 in 71 episodes of refractory SE was not seen as an independent parameter associated with inhospital mortality but as a reliable outcome predictor for longterm outcome, assessed at last available follow-up (median 12 weeks, range 6-35). In that study, only patients with refractory SE were included, but their clinical and epidemiological data matched with our cohort as well. When looking for episodes with refractory SE in our cohort, in 81 of 150 episodes patients were older than 65 years (54%).
Taken together, predictive values of available scoring tests vary considerably between different institutions. On the one hand, this may result from different definitions of SE, the actual patient populations, and cut-off-values. In the original STESS publication, authors included adults and adolescents 16 years, and SE was defined as a seizure lasting >30 min. Cut-off age was set at 65 years [17, 25] . In EMSE [18] , anoxic encephalopathies were included, which were excluded in STESS. However, discrepancies in outcome scores may not only be reflected by different patient populations or treatment regimes [26] . Rather, discharge from hospital may not be the ideal timepoint for treatment evaluation. Choosing a more later timepoint for the (re-)assessment may result in more reliable results that are comparable across different institutions, as it was done recently for EMSE-AECE and STESS in 164 episodes of SE within a 30-day period [19] . For clinical purposes, it could be of interest to evaluate favourable outcome variables as well, as the proportion of surviving patients without neurological deterioration.
Characteristics of NOSE in older compared to younger patients
When focusing on NOSE, fifty-six percent of our patients had a first episode of SE, i.e. patients had no history of epilepsy. This proportion lies within the range of existing data, estimating that the proportion of NOSE amounts 50-70% [5, 30] . Nevertheless, we could not reproduce early epidemiological data of increased incidence rates of SE without known epilepsy in older patients 60 years in our cohort [5] . Proportion of NOSE in our cohort was 56% and, again, matched data from the Salzburg group [26] , who reported a first episode of SE without known epilepsy in 50% of their patients. Surprisingly, outcome of older patients was comparable to that of younger adults under equivalent treatment efforts. Comparing the two subgroups, two differences emerged: older patients were more often females and had less frequently GTCSE. In sum, NOSE could not be identified as outcome factor for older people. Consistently, Holtkamp and colleagues did not find a cryptogenic etiology more often in people with refractory SE [31] , which questions the reliability of cryptogenic etiology or NOSE as predictor for poor outcome. In early epidemiological studies [5] , no history of epilepsy was reported in 58% of all patients with SE and in 70% of older patients (60 years). Of note, in this cohort anoxic states were included as SE with highest mortality rates (>50%) and one cannot derive from that study, how many of these anoxic states were assigned to NOSE.
Predictive parameter for clinical outcome in older patients with NOSE
When assessing the predictive value of clinical variables for short-time outcome in older patients with NOSE, infections as complication in the course and prolonged stay in hospital were associated with non-favourable outcome. We could not identify one of these covariates as independent predictor for clinical outcome. A close interaction between these variables is obvious: infections can cause a prolonged stay, likewise patients with a prolonged stay in hospital are at higher risk for nosocomial infections.
Taken together, older patients with NOSE had comparable outcome rates as younger patients under sufficient treatment efforts. For that reason, our data do not provide evidence for a more reluctant treatment use in older patients. Prevention of infections could be an important factor to improve outcome in older patients.
Limitations
This is a retrospective non-interventional study with all its inherent problems. First of all, our searching strategy could have been too close or strict, excluding a relevant proportion of patients. Because we only included patients via documented ICD-codes from our electronic database, there could be a relevant proportion of patients, who had SE but were documented as having seizures, which could lead to an underdetection of patients with SE. This represents a crucial limitation of our data. We further aimed to include patients with high certainty in diagnosis and, therefore, we excluded patients with insufficient or uncertained data. Second, we report from a single large University centre, which serves as a supraregional acute neurological reference centre with high expertise in management of neurointensive care patients (and patients with epilepsy). Therefore, a selection bias for more acute and severe cases in our patient cohort seems possible. In addition, we cannot exclude a selection bias due to organizational reasons which were adopted at the University Hospital of Cologne during the inclusion period of 10 years. Third, our database did not provide any information regarding middle or long-term outcome after the in-hospital treatment period. Fourth, one could assume that differences in clinical outcome at discharge between different centres could raise from different expertise of the reporting centres but we do not expect relevant differences in patient care between the recent reported cohorts from Salzburg or Erlangen and ours. 
Conclusion
We here present outcome data regarding a large cohort of patients with SE with a state-of-the-art approach in treatment, wherein older patients represented the majority. Despite a less frequently favourable outcome in older patients for the whole cohort of patients with SE, NOSE could not be identified as a relevant outcome predictor for older patients. Rather, older patients with NOSE had comparable outcome rates if comparable treatment effort was undertaken. Avoidance of infection should have priority as infections constituted a negative outcome predictor in older patients with NOSE. In general, the evaluation of outcome predictors remains an ongoing challenge in SE. Further prospective studies are warranted to guide clinicians in their therapeutic decision making in this relevant neurological field.
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